Background. California Seventh-Day Adventists have lower mortality rates from coronary heart disease (CHD) than other Californians. Associations between traditional risk factor and CHD events have not been reported previously for Adventists.
It has been well established from previous studies that California Seventh-Day Adventists are at low risk for fatal coronary heart disease (CHD) events compared with other Californians.' Reasons that have been postulated include the nonsmoking status of Adventists, the sizable proportion of members who adhere to a lacto-ovo vegetarian diet, the possibility of increased psychosocial support, and the higher-than-average educational status. Of interest is the observation that even when compared with the nonsmoking members of a contemporary California study population having a slightly higher socioeconomic status, the Adventists showed substantially lower age-specific mortality rates from coronary disease in both men and women. 2 Adventists are an epidemiologically attractive study population because they encompass a wide range of dietary habits but are characterized by very little current use of tobacco or consumption of alcohol. The former increases statistical power to investigate dietary hypotheses, and the latter reduces the possibilities of confounding by these factors. Also, their interest in health should result in members having greater awareness of their health habits and willingness to complete long and tedious questionnaires. Thus, more complete and accurate exposure data may be anticipated. The Adventist Health Study (AHS) is a cohort study of 31,208 California Seventh-Day Adventists who were followed to detect fatal and nonfatal coronary and cancer events between 1977 and 1982. 3 An important premise underlying the design of this study was that the results associating various exposures to risk of CHD in this special population should be applicable to the general population. We postulate that although there undoubtedly are complex socioreligious selective influences influencing membership in the Seventh-Day Adventist church, these influences would be unlikely to affect the biological and metabolic mechanisms of exposure-disease associations. Evidence to support this contention may be provided by examining the effect of variables usually found to be associated with risk of CHD in other populations.
Thus, we investigated the effect of smoking habits, hypertension, obesity, physical activity, and a diagnosis of diabetes mellitus on the risk of both definite myocardial infarction and definite fatal CHD events in men and women of this study population.
Methods
The AHS population and design have been described in detail elsewhere.3 Briefly, in 1974, a census questionnaire was mailed to all Adventist households in the state of California. This census identified 59, 081 Adventists from different ethnic backgrounds who were 25 years old or older. In August 1976, a detailed lifestyle questionnaire was mailed to all cohort members. The response rate in non-Hispanic whites was 75%. Information obtained relevant to CHD included a personal history of previous physician-diagnosed heart disease, diabetes, or hypertension; self-reported height and weight; previous and current cigarette smoking; and exercise and dietary habits. Exercise was categorized as low, moderate, or high; this represents a cross-classification of two questions relating to occupational and leisure activities. The following questions were asked: "Outside of your usual work or daily activities, do you usually get at least 15 minutes of vigorous exercise three or more times per week?" (There followed a list of possible vigorous activities for the subject to check if he or she undertook these at least three times each week for 15 minutes on each occasion.) "Does your usual daily work or responsibilities involve vigorous activities similar to those listed in the previous question?" (Responses were "very often," "frequently," "occasionally," "rarely," or "never.") "High" exercise reflects a high occupational and/or high leisure activity status; "moderate" exercise includes moderate leisure activity and low or moderate occupational activity or low leisure activity but moderate occupational activity; and "low" exercise includes subjects with both low leisure and occupational activities.
For a period of We confine this report to data from non-Hispanic white Adventists. A total of 31,208 non-Hispanic white Adventists returned the questionnaire in 1976. All subjects who at study baseline had a previous or unknown history of heart disease are excluded. This left 27,658 subjects for these analyses.
The effect of the main exposures of interest were first assessed using the person-years version of the stratified Mantel-Haenszel procedure.8 Because our study population was large, it was possible to stratify on five or six variables each at two or three levels. In addition, multivariate proportional hazards analyses are reported with all variables of interest included in the model. A particular variable often was represented by one or two dummy terms in the model indicating different levels of exposure. Statistical significance was assessed by a likelihood ratio test9 comparing log-likelihood functions between models with and without the term(s) representing the risk factor of interest. The adequacy of the proportional hazards assumption was checked by the inspection of log-log plots.
On average, approximately 1-2% of data were missing for the variables of this analysis. For the stratified analyses, all subjects with missing data on any of the edge of any exposure variable.
relevant variables were excluded. For the Cox propor- Results of Mantel-Haenszel analyses, stratified on age and traditional risk factors (i.e., diabetes mellitus, hypertension, cigarette smoking, physical activity, and Quetelet index of obesity) aside from the exposure of interest are shown in Table 3 for the end point of definite myocardial infarction. For both sexes, the effects of diabetes mellitus, hypertension, and passive cigarette smoking are similar to those reported by numerous other cohort studies, although our ability to investigate current smoking is very limited as only one male case and one female case were observed in this predominantly nonsmoking population. An independent effect of obesity is seen and appears to be somewhat greater in men than women. There is no significant trend in risk of definite myocardial infarction with level of physical activity for either sex.
Similar analyses are presented in Table 4 for definite fatal CHD. Again, strong associations with diabetes mellitus, hypertension, and past cigarette smoking are shown. The effects of current cigarette smoking are particularly strong in the women, although for men only one fatal case is observed. Therefore, the confidence interval is very wide. However, the results for physical activity and obesity contrast with those for definite myocardial infarction. For fatal CHD, increasing physical activity is associated with a marked decrease in risk in both men and women, whereas obesity does not show a clear independent association with risk for either sex.
We also explored the association of the Quetelet index of obesity with disease end points when adjusted for age and sex alone. For definite myocardial infarction, the relative risks from lowest to highest tertiles are 1.00, 2.07, and 3.14 (p<0.0001), and for fatal CHD the corresponding figures are 1.00, 1.03, and 1.28 (p=NS).
It often is instructive to compare results from alternative methods of analysis. Thus, Tables 5 and 6 present analyses of the same data using the Cox proportional hazards method. As can be seen, the point estimates of the corresponding relative risks and hazard ratios are very similar, and the confidence intervals overlap substantially. That a few minor differences do occur is to be expected and is discussed below briefly.
Discussion
Strong and consistent associations between hypertension, cigarette smoking, and diabetes mellitus and risk of ischemic heart disease events among California Seventh-Day Adventists are similar to those reported from a wide variety of other populations."1-14 This study includes nearly 200,000 person-years of observation and is one of the few cohort studies in which data were collected from large numbers of both men and women (62.5% of subjects were female), thus allowing an equitable comparison between the sexes. Excellent validity has been documented for selected exposure variables when compared with face-to-face interviews.3 However, a potential weakness of the data is that all information was gathered by self-reporting. Thus, the variables hypertension and diabetes were self-reported, although ostensibly physician diagnosed. We note that Data from certain other low-risk populations had indicated that the male-to-female ratio for CHD mortality was much less than for higher-risk populations. 22 We did not find this below the age of 80 years in the Adventists. Between the ages of 45 and 79 years, the male-to-female incidence ratio varied between 2.77 and 6.53 for the different specific age, sex, and end point groups. Qualitatively, the strength of association between the various risk factors and risk of disease seemed quite similar for the two sexes. Current smoking in women was associated with a striking elevation in risk of fatal CHD, but evaluation of the effect in men was hindered by the fact that only one current smoker experienced a fatal CHD event. The effect of past smoking on both end points also seemed somewhat stronger for women.
Past smokers had elevated point estimates of risk varying from 1.42 to 1.90 for the different sexes and CHD end points. Although we did not record the time since quitting smoking, the average time since becoming a Seventh-Day Adventist in past smokers was 23.7 years.
Because most Adventists quit smoking at the time of admission to the church, the average time since quitting would be at least this long. Despite this relatively long average period since quitting, the effect of past smoking could still be detected on risk of CHD events.
There were apparently quite different associations of physical activity with definite myocardial infarction and definite fatal CHD. Although there appeared to be a marked and significant independent protective effect on fatal CHD for both sexes, no consistent trends were found for risk of incident definite acute myocardial infarction. A formal comparison of the difference in the exercise association between fatal and nonfatal events was borderline significant (p<0.07). A review of observational studies reveals that although a few investigators have found significant negative associations between 20 randomized studies of cardiac rehabilitation also found suggestive evidence of benefit for fatal events but no such evidence of benefit for nonfatal myocardial infarction. 37 Atherosclerosis contributes in a major way to both nonfatal myocardial infarction and fatal coronary events, and the effects of physical activity on risk factors such as blood lipids, blood pressure, obesity, and fibrinolysis are well described. Reasons 45 Some have found that diabetic women are more likely to die or develop congestive heart failure after an acute myocardial infarction than were diabetic men. 46 The pathophysiology underlying these sex differences is unclear and is not obviously explained by differences in traditional risk factors between diabetic men and women. 47 It is of interest that in the Adventist population, the relative risks of diabetics for both definite myocardial infarction and definite fatal CHD are similar in men and women.
We were unable to adjust for lipid differences, but this has not explained the sex differences in other studies.37 Our study classified only known diabetics but does not differ in this respect from other epidemiological studies also showing the sex difference.2' Thus, in this low-risk population, the advantage of being female is not lost even in diabetics.
In our data, the Quetelet index of obesity was associated with both definite myocardial infarction and definite fatal CHD when adjusted only for age and sex. The association appeared monotonic for myocardial infarction but U shaped for fatal events. This latter association persisted weakly in the Cox multivariate analyses but was not seen in stratified analyses, and no results were statistically significant. Proportional hazards models that included terms for Quetelet index of obesity and its square in addition to other covariates were evaluated. In neither men nor women nor for either end point was the squared term statistically significant. A formal comparison of the difference in the obesity associations between fatal and nonfatal events was borderline significant (p<0.06).
Most cohort studies of CHD have shown age-and sex-adjusted associations between some measure of obesity with risk of CHD events,48-50 but this usually has not persisted after adjustment for other traditional risk factors.464851 The implication is that either there is confounding between obesity and other traditional risk factors or some of the other risk factors are intervening variables between obesity and disease risk, as is known to be so. A few studies have documented significant independent associations between obesity and CHD syndromes,52-55 although this sometimes occurred after very long follow-up or with adjustment for only a subset of the traditional risk factors. Recent interest in the effect of distribution of fat shows that this has predictive ability beyond that of "weight for height" measures. This variable was not measured in the present study.
Data on associations between traditional risk factors and incidence of CHD in low-risk populations are uncommon. One such population is the Japanese living in Japan. A cohort study has associated serum cholesterol and blood pressure but not smoking with CHD incidence at both 6-and 16-year follow-ups.56 A casecontrol study of myocardial infarction in Japan57 also significantly associated serum cholesterol, previous history of hypertension, and cigarette smoking with risk. However, obesity was not clearly related to risk. Studies of Pima Indians find a low risk of CHD but diabetes still to be a risk factor as all events occurred in diabetics. 58 The number of events is too small to clearly assess the effect of other traditional risk factors. The well-known Seven Countries Study has presented data for 10-year follow-up on relatively low-risk Southern European cohorts in Italy, Greece, and Yugoslavia.59 Although some analyses suffered from small numbers, there was good evidence that high blood pressure and high serum cholesterol were associated with increased risk. Physical inactivity predicted increased risk of CHD death but showed a weaker nonsignificant association when all CHD events are combined. Cigarette smoking may have been hazardous, but this approached statistical significance only for CHD death. No clear evidence was found associating obesity with risk of CHD.
In summary, there is general agreement between data from other low-risk populations and our findings in California Adventists that the traditional risk factors are associated with CHD risk in low-risk populations. This provides added evidence that findings in the California Adventist population regarding less-well-established risk factors such as foods in the diet or psychosocial factors will also have application to other populations.
